Abstract. We investigate the chiral structure of local vector and axial-vector tetraquark currents, and study their chiral transformation properties. We consider the charge-conjugation parity and classify all the isovector vector and axial-vector local tetraquark currents of quantum numbers I
Introduction
Multi-quark components always exist in the Fock space expansion of hadron states [1, 2, 3] . Moreover, there may exist multi-quark states [4, 5, 6, 7, 8, 9] . They are both interesting and important subjects to understand the low-energy behavior of QCD, and have been studied by lots of theoretical and experimental physicists. One of the methods to study these multi-quark components (states) is to use the group theoretical method [10, 11, 12, 13] . This method has been used by T. D. Cohen and X. D. Ji to study the chiral structure of two-quark meson currents and three-quark baryon currents [14] . We have also used it to study the chiral structure of baryons and tetraquarks [15, 16, 17] . The obtained currents (interpolating fields) can be used in QCD sum rule analyses [18, 19, 20, 21, 22] as well as Lattice QCD calculations [23, 24, 25, 26, 27] .
Vector and axial-vector mesons are also interesting subjects [28, 29, 30, 31, 32, 33] . In this paper we shall use the group theoretical method to study the chiral structure of local vector and axial-vector tetraquark currents. We shall study their chiral transformation properties. We shall also consider the charge-conjugation parity and classify all the local isovector vector and axial-vector tetraquark currents of quantum numbers I G J P C = 1 − 1 −+ , I G J P C = 1 + 1 −− , I G J P C = 1 − 1 ++ and I G J P C = 1 + 1 +− . We find that there is some "symmetry" among these currents, i.e., there is a one to one correspondence among them.
Experiments have observed three exotic mesons π 1 (1400), π 1 (1600) and π(2000) of exotic quantum numbers I G J P C = 1 − 1 −+ , many ρ mesons ρ(770), ρ(1450), ρ(1570), ρ(1700), ρ(1900) and ρ(2150) of I G J P C = 1 + 1 −− , two a 1 mesons a 1 (1260) and a 1 (1640) of I G J P C = 1 − 1 ++ , but only one b 1 (1235) meson of I G J P C = 1 + 1 +− [34, 35, 36, 37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47] . Particularly, in the energy region around 1.6 GeV, there are mesons of quantum numbers I G J P C = 1 − 1 −+ , I G J P C = 1 + 1 −− and I G J P C = 1 − 1 ++ , but there are no mesons of quantum numbers I G J P C = 1 + 1 +− . To verify whether there is a missing state having these quantum numbers in this energy region, we shall perform QCD sum rule analyses using the tetraquark currents classified in this paper. We would like to note that we shall only use these tetraquark currents, but other currents representing theqq structure, the hybrid structure and the meson-meson structure can also contribute here (see Res. [48, 49, 50, 51, 52, 53] where their mixing is studied for the cases of light scalar mesons, Λ(1405), X(3872) and X(4350)). However, as long as the tetraquark current can couple to the physical state, it can be used to perform QCD sum rule analyses to study that physical state. This paper is organized as follows. In Sec. 2 we classify local tetraquark currents of flavor singlet and J P = 1 − , while currents of others quantum numbers are listed in Appendix. A. In Sec. 3 we study their chiral structure, and give the chiral transformation equations for the [(3,3) ⊕ (3, 3)] chiral multiplets, while equations for other chiral multiplets are given in Appendix. B. In Sec. 4 we consider the charge-conjugation parity and classify isovector vector and axial-vector tetraquark currents of quantum numbers I G J P C = 1 − 1 −+ , I G J P C = 1 + 1 −− , I G J P C = 1 − 1 ++ and I G J P C = 1 + 1 +− . In Sec. 5 we use these currents to perform Shifman-Vainshtein-Zakharov (SVZ) sum rule analyses, and in Sec. 6 we use them to perform finite energy sum rule (FESR) analyses. Sec. 7 is a summary. . In these expressions the summation is taken over repeated indices (a, b, · · · for color indices, A, B, · · · for flavor indices, and µ, ν, · · · for Lorentz indices). The two superscripts V and S denote vector (J P = 1 − ) and flavor singlet, respectively. In this paper we also need to use the following notations: C is the charge-conjugation operator; ǫ ABC is the totally anti-symmetric tensor; S ABC P (P = 1 · · · 10) are the normalized totally symmetric matrices; λ N (N = 1 · · · 8) are the Gell-Mann matrices; S AB;CD U (U = 1 · · · 27) are the matrices for the 27 flavor representation, as defined in Ref. [17] .
Among these eight currents, the former four currents contain diquarks and antidiquarks having the antisymmetric flavor structure3 ⊗ 3 and the latter four currents contain diquarks and antidiquarks having the symmetric flavor structure 6 ⊗6. To clearly see the chiral structure of Eqs. (1), we use the left-handed quark field L 2,3,6,7 belong to the mirror one [(3, 3) + (3,3)] and their chirality is LRLL + RLRR. These two chiral representations are both non-exotic. Therefore, in this case we do not find any "exotic" chiral structure. Their detailed structures are listed in Table 1 .
To fully understand vector tetraquark currents, their chiral partners are also studied, i.e., the vector and axialvector tetraquark currents of flavor singlet, octet, 10, 10 and 27. The results are shown in Appendix. A. We can quickly find that there is some "symmetry" between vector and axial-vector tetraquark currents, i.e., there is a one to one correspondence between vector and axial-vector tetraquark currents: between Eqs. (1) and (35) , between Eqs. (37) and (39) , between Eqs. (41) and (43) , and between Eqs. (45) and (47) .
Chiral Transformations
Under the U (1) V , U (1) A , SU (3) V and SU (3) A chiral transformations, the quark field, q = q L + q R , transforms as 
where λ are the eight Gell-Mann matrices; a 0 is an infinitesimal parameter for the U (1) V transformation, a are the octet of SU (3) V group parameters, b 0 is an infinitesimal parameter for the U (1) A transformation, and b are the octet of the SU (3) A chiral transformations.
The chiral transformation equations of tetraquark currents can be calculated straightforwardly. Here we only show the final results. Through these chiral transformation equations, we can quickly find that there are eight [(3,3)⊕(3, 3)] chiral multiplets (including mirror multiplets): 
there are two [(6, 3) ⊕ (3, 6)] chiral multiplets (including mirror multiplets): 
Here we only show the chiral transformation equations of the [(3,3) ⊕ (3, 3)] chiral multiplet, and others are shown in Appendix B. We use η V,S (3, 3) , η AV,S (3, 3) , η
to denote it, and its chiral transformation properties are
.
From these equations and those listed in Appendix. B, we can quickly find that vector and axial-vector tetraquark currents are closely related by chiral transformations, and confirm the one to one correspondence.
Charge-Conjugation Parity
In this paper we shall concentrate on isovector tetraquark currents since there are more experimental results, including three exotic mesons π 1 (1400), π 1 (1600) and π(2000) [34, 35, 36, 37] . They have exotic quantum numbers I G J P C = 1 − 1 −+ . Other observed isovector vector and axial-vector mesons are ρ(770), ρ(1450), ρ(1570), ρ(1700), ρ(1900) and ρ(2150) of I G J P C = 1 [34, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47] . Particularly, in the energy region around 1.6 GeV, there are mesons of quantum numbers
++ , but there are no mesons of quantum numbers I G J P C = 1 + 1 +− . In Sec. 2 and Appendix. A we have found there is a one to one correspondence between vector and axial-vector tetraquark currents, and in Sec. 3 and Appendix. B we have found that they are closely related by chiral transformations. In this section we shall consider the charge-conjugation parity, and study the isovector tetraquark currents of
We shall also find that there is a similar "symmetry" among tetraquark currents of these quantum numbers. Accordingly, we propose that there might be a missing state having I G J P C = 1 + 1 +− and a mass around 1.6 GeV. We shall use the method of QCD sum rules to verify this theoretically in the following sections.
The charge-conjugation transformation changes the diquark to antidiquark, and antidiquark to diquark, while it maintains their flavor structure. If the tetraquark state has a definite charge-conjugation parity, either positive or negative, the constituent diquark (qq) and antidiquark (qq) must have the same flavor symmetry, which is either symmetric 6 f ⊗6 f (S) or antisymmetric3 f ⊗ 3 f (A). We note that a proper mixture of3 f ⊗6 f and 6 f ⊗ 3 f can also have a definite charge-conjugation parity. However, to simplify our calculation, we shall not study them in this paper.
The tetraquark currents of quantum numbers J P C = 1 −+ have been studied in Ref. [54] . There are two independent tetraquark currents of quantum numbers J P C = 1 −+ , where the diquark and antidiquark inside have a symmetric flavor structure 6 f (qq) ⊗6 f (qq) (S):
Due to this symmetric flavor structure 6 f (qq) ⊗6 f (qq) (S), there are two sets of isovector currents of I G J P C = 1 − 1 −+ : one set with the quark contents(such asūd(ūu +dd); q represents up or down quarks)
and the other withqqss (such asūdss)
Similarly we find the following two independent tetraquark currents of quantum numbers J P C = 1 −+ , where the diquark and antidiquark inside have an antisymmetric flavor structure3 f (qq) ⊗ 3 f (qq) (A):
Due to this antisymmetric flavor structure3 f (qq) ⊗ 3 f (qq) (A), there is one set of isovector currents with the quark contentsqqss (such asūdss):
We use ∼ to make clear that the quark contents here are not exactly correct. For instance, in the current η
−+
A,1,1 , the state usūs does not have isospin one. The correct quark contents should be (usūs − dsds). However, in the following QCD sum rule analyses, we shall not include the masses of up and down quarks and we shall choose the same value for ūu and d d . Therefore, the QCD sum rule results are the same.
We also construct tetraquark currents of other quantum numbers. We find the following two independent tetraquark currents of quantum numbers J P C = 1 −− , where the diquark and antiquark inside have a symmetric flavor structure 6 f (qq) ⊗6 f (qq) (S):
Similarly we find the following two independent tetraquark currents of quantum numbers J P C = 1 −− , where the diquark and antidiquark inside have an antisymmetric flavor structure3 f (qq) ⊗ 3 f (qq) (A):
We find the following two independent tetraquark currents of quantum numbers J P C = 1 ++ , where the diquark and antidiquark inside have a symmetric flavor structure 6 f (qq) ⊗6 f (qq) (S):
Similarly we find the following two independent tetraquark currents of quantum numbers J P C = 1 ++ , where the diquark and antidiquark inside have an antisymmetric flavor structure3 f (qq) ⊗ 3 f (qq) (A):
We find the following two independent tetraquark currents of quantum numbers J P C = 1 +− , where the diquark and antidiquark inside have a symmetric flavor structure 6 f (qq) ⊗6 f (qq) (S):
Similarly we find the following two independent tetraquark currents of quantum numbers J P C = 1 +− , where the diquark and antidiquark inside have an antisymmetric flavor structure3 f (qq) ⊗ 3 f (qq) (A):
From these expressions, we can clearly see that there is a one to one correspondence among local tetraquark currents of J P C = 1 −+ , J P C = 1 −− , J P C = 1 ++ and J P C = 1 +− , such as among Eq. (9), (11), (13) and (15) . According to these tetraquark currents, we can construct isovector currents whose quark contents are similar to those of quantum numbers
A,i (qsqs) to denote them, while we do not show their explicit forms here. Here the first ± symbol denotes the P -parity, and the second ± symbol denotes the C-parity. Again, we can quickly find that there is a one to one correspondence among them.
We can also study their chiral structure and their chiral transformation properties. For example, the current η 
SVZ Sum Rules
For the past decades QCD sum rules have proven to be a very powerful and successful non-perturbative method [55, 56] . In sum rule analyses, we consider two-point correlation functions:
where η µ is an interpolating current for the tetraquark. The Lorentz structure can be simplified to be:
We compute Π(q 2 ) in the operator product expansion (OPE) of QCD up to certain order in the expansion, which is then matched with a hadronic parametrization to extract information about hadron properties. At the hadron level, we express the correlation function in the form of the dispersion relation with a spectral function:
where the integration starts from the mass square of all current quarks. The imaginary part of the two-point correlation function is
For the second equation, as usual, we adopt a parametrization of one pole dominance for the ground state Y and a continuum contribution. The sum rule analysis is then performed after the Borel transformation of the two expressions of the correlation function, (17) and (19):
Assuming the contribution from the continuum states can be approximated well by the spectral density of OPE above a threshold value s 0 (duality), we arrive at the sum rule equation
Differentiating Eq. (22) 
In this section we use the method of QCD sum rules to calculate the masses of vector and axial-vector mesons. We shall use the tetraquark currents η 
We would like to note again that we shall only use these tetraquark currents for simplicity, but other currents representing theqq structure, the hybrid structure and the meson-meson structure can also contribute here.
In Ref. [54] we have studied the tetraquark currents η contain one ss pair. They all lead to the masses around 2.0 GeV, and so they can couple to the exotic meson π 1 (2000).
In the following subsections we shall separately study tetraquark currents of other quantum numbers
Our procedures are quite similar to those used in Ref. [54] . In our numerical analysis, we use the following values for various condensates and m s at 1 GeV and α s at 1.7 GeV [20, 57, 58, 59, 60, 61] :
Tetraquark currents of
In this subsection we use the tetraquark currents η
A,i (qsqs) to perform QCD sum rule analyses. We calculate the OPE up to dimension twelve. Here we only show the result for the current η
A,1 (qsqs), which has quark contents qsqs. Others are shown in Appendix. C. In the above equations,and ss are the dimension D = 3 quark condensates; g 2 GG is a D = 4 gluon condensate; gqσGq and gsσGs are D = 5 mixed condensates. As usual, we assume the vacuum saturation for higher dimensional condensates such as 0||0 ∼ 0|qq|0 0|qq|0 . We note that we have calculated the tree-level O(α s ) correction, i.e., the condensate g The spectral density of the current η
A,1 (qsqs) can be easily extracted from Eq. (25):
We show it in Fig. 1 as a function of the energy s. It is positive when s > 1.6 GeV 2 , and so our working regions should be inside this. To perform QCD sum rule analyses, first we need to study the convergence of the OPE. The Borel transformed correlation function of the current η From those figures where masses are shown as functions of s 0 , we find that there is a mass minimum around 1.6 GeV for both curves where the stability is the best. Accordingly, we fix our working regions to be 3 GeV 2 < M 2 B < 4 GeV 2 and 2.6 GeV 2 < s 0 < 3.0 GeV 2 , and obtain the similar results 1.68-1.73 GeV and 1.60-1.65 GeV for η −− S,1 () and η −− S,2 (), respectively. Our results suggest that these two currents can couple to ρ(1570) or ρ(1700).
Following the same procedures we perform QCD sum rule analyses to study other tetraquark currents of A,i (qsqs). Their quark contents are qsqs. We find that the obtained masses all have a mass minimum around 2.0 GeV against the threshold value s 0 . Consequently, we fix our working regions to be 3 GeV 2 < M 2 B < 4 GeV 2 and 4.0 GeV 2 < s 0 < 4.5 GeV 2 where the stability is good. Using these currents, we obtain the similar masses 2.06-2.13 GeV, 1.98-2.05 GeV, 2.05-2.13 GeV, and 1.91-1.99 GeV. Our results suggest that they can couple to ρ(1900) or ρ(2150).
The pole contribution
is another important criterion to fix the Borel window and perform reliable QCD sum rule analyses. However, as we have found in Fig. 1 , the spectral density of the current η
A,1 (qsqs) has some negative parts when s < 1.6 GeV 2 , which makes the pole contribution not well defined. The situation is the same for other currents of I G J P C = 1 + 1 −− . Therefore, our results are stable, but have a small pole contribution. To make our analyses more reliable, we have also used the method of finite energy sum rules. We shall find that the obtained results are almost the same. The details are shown in Sec. 6. In this subsection we follow the same procedures and use the tetraquark currents η We find that the obtained masses all have a mass minimum around 1.5-1.6 GeV against the threshold value s 0 . Consequently, we fix the working regions to be 3 GeV 2 < M 2 B < 4 GeV 2 and 2.6 GeV 2 < s 0 < 3.0 GeV 2 where the stability is good. Using these currents, we obtain the similar masses 1.51-1.57 GeV, 1.52-1.57 GeV, 1.56-1.62 GeV, 1.56-1.62 GeV, 1.57-1.63 GeV, and 1.57-1.63 GeV. Our results suggest they can couple to a 1 (1640).
I G J P C = 1 − 1 ++ M =3,4 B M++ S,i,1 ≡ η ++ S,i (), η ++ S,i,2 ≡ η
In this subsection we follow the same procedures and use the tetraquark currents η The masses obtained using all these six currents have a minimum around 1.5-1.6 GeV against the threshold value s 0 . Consequently, we fix the working regions to be 3 GeV 2 < M 2 B < 4 GeV 2 and 2.6 GeV 2 < s 0 < 3.0 GeV 2 where the stability is good. Using these currents, we obtain the similar masses 1.55-1.60 GeV, 1.50-1.57 GeV, 1.61-1.66 GeV, 1.49-1.56 GeV, 1.59-1.64 GeV, and 1.47-1.55 GeV. Therefore, our results suggest that there is a missing b 1 state having I G J P C = 1 + 1 +− and a mass around 1.47-1.66 GeV. We also use them to predict decay patterns of this missing b 1 state. These diquark-antidiquark currents can be transformed into the meson-meson currents:
and so the possible S-wave decay patterns are
and the possible P -wave decay patterns are
Finite Energy Sum Rules
In this section, we use the method of finite energy sum rules (FESR). Compared with the method of SVZ sum rules, it does not use the Borel transformation, and so its convergence is slower. In order to calculate the mass in the FESR, we first define the nth moment by using the spectral function ρ(s) obtained in Eq. (20):
This integral is used for the phenomenological side, while the integral along the circular contour of radius s 0 on the q 2 complex plain should be performed for the theoretical side.
With the assumption of quark-hadron duality, we obtain
The mass of the ground state can be obtained as
The spectral function ρ(s) can be drawn from the Borel transformed correlation functions shown in Sec. 5. We shall omit the D = 12 terms which are proportional to 1/(q 2 ) 2 . They do not contribute to the function W (n, s 0 ) of Eq. (32) for n = 0, and they have a very small contribution for n = 1.
The masses obtained using tetraquark currents of I G J P C = 1 + 1 −− are shown in Fig. 6 as functions of the threshold value s 0 , where n is chosen to be 1. We find that there is a mass minimum for all curves where the stability is the best. This minimum is around 1.6 GeV for the tetraquark currents η −− S,i (), whose quark contents are. Consequently, we fix the working region to be 2.6 GeV 2 < s 0 < 3.0 GeV 2 where the stability is good, and obtain the similar masses 1.60-1.64 GeV and 1.56-1.62 GeV. This minimum is around 2.0 GeV for the currents η −− S,i (qsqs) and η
−−
A,i (qsqs), whose quark contents are qsqs. Consequently, we fix the working region to be 4.0 GeV 2 < s 0 < 4.5 GeV 2 where the stability is good, and obtain the similar masses 1.95-2.01 GeV, 1.91-1.99 GeV, 1.94-2.00 GeV and 1.88-1.97 GeV. We note that the working regions are set to be the same as those used in SVZ sum rules in the previous section, and the results are also quite similar. The masses obtained using tetraquark currents of I G J P C = 1 − 1 ++ are shown in Fig. 7 as functions of the threshold value s 0 . We find that there is a mass minimum around 1.5 GeV for all curves where the stability is the best. Consequently, we fix the working region to be 2.6 GeV 2 < s 0 < 3.0 GeV 2 where the stability is good. Using these currents, we obtain the similar masses 1.48-1.54 GeV, 1.48-1.54 GeV, 1.52-1.58 GeV, 1.52-1.58 GeV, 1.53-1.59 GeV and 1.53-1.58 GeV. Again, we have set the same working regions as those used in SVZ sum rules, and the results are also similar.
The masses obtained using tetraquark currents of I G J P C = 1 + 1 +− are shown in Fig. 8 as functions of the threshold value s 0 . We find that there is a mass minimum around 1.5 GeV for all curves where the stability is the best. Consequently, we fix the working region to be 2.6 GeV 2 < s 0 < 3.0 GeV 2 where the stability is good. Using these currents, we obtain the similar masses 1.49-1.55 GeV, 1.48-1.56 GeV, 1.54-1.59 GeV, 1.50-1.57 GeV, 1.54-1.59 GeV and 1.49-1.57 GeV. Again, we have set the same working regions as those used in SVZ sum rules, and the results are also similar.
In a short summary, we arrive at the results similar to those obtained using SVZ sum rules in the previous section. 
Summary
We have systematically investigated the chiral structure of local vector and axial-vector tetraquark currents, and studied their chiral transformation properties. We have classified all the possible local tetraquark currents constructed using diquarks and antidiquarks, and found that there is a one to one correspondence between these vector and axial-vector tetraquark currents. Then we used the left-handed quark field L a A and the right-handed quark field R a A to rewrite these currents, from which we can clearly see their chiral structure. After making proper combinations, we have obtained their chiral representations and chirality. We have also studied their chiral transformation properties, from which we found that vector and axial-vector tetraquark currents are closely related. We have considered the charge-conjugation parity and classified all the local isovector vector and axial-vector tetraquark currents of quantum numbers
Again, we found that there is a one to one correspondence among them. However, experiments in the energy region around 1.6 GeV only observed mesons of quantum numbers
++ , but did not observe mesons of quantum numbers I G J P C = 1 + 1 +− . Accordingly, we proposed that there might be a missing state having I G J P C = 1 + 1 +− in this energy region. To verify this, we have performed SVZ sum rule analyses and finite energy sum rule analyses. The tetraquark currents η −+ S,i,1 ≡ η −+ S,i () have been studied in Ref. [54] . They lead to masses around 1.6 GeV, and so they can couple to the exotic meson π 1 (1600). The tetraquark currents η −− S,i,1 ≡ η −− S,i () lead to masses about 1.56-1.73 GeV, and so they can couple to ρ(1570) or ρ(1700). The tetraquark currents η ++ A/S,i,j all lead to masses about 1.48-1.63 GeV, and so they can couple to a 1 (1640). The tetraquark currents η +− A/S,i,j all lead to masses around 1.47-1.66 GeV, which suggests that there is a missing b 1 state having I G J P C = 1 + 1 +− and a mass around 1.47-1.66 GeV. Finally we would like to note that although we have only used tetraquark currents, we are not suggesting this missing b 1 state is a tetraquark state. Our results only suggest that it contains some tetraquark (multi-quark) components, because the tetraquark currents η +− A/S,i,j can couple to it. We would also like to note that other currents representing theqq structure, the hybrid structure and the meson-meson structure can all contribute here (see Res. [48, 49, 50, 51, 52, 53] where their mixing is studied for the cases of light scalar mesons, Λ(1405), X(3872) and X(4350)).
A Other Vector and Axial-Vector Tetraquark Currents
A.1 Tetraquark currents of flavor singlet and J P = 1
+
In this subsection we study flavor singlet tetraquark currents of J P = 1 + . There are altogether eight independent axial-vector currents as listed in the following: The former four currents contain diquarks and antidiquarks having the antisymmetric flavor structure3 ⊗ 3 and the latter four currents contain diquarks and antidiquarks having the symmetric flavor structure 6 ⊗6. From the following combinations we can clearly see their chiral structure:
Among these currents, η From the following combinations we can clearly see their chiral structure:
We list their chirality and chiral representations in Table 2 .
A.3 Tetraquark currents of flavor octet and J P = 1
In this subsection we study flavor octet tetraquark currents of J P = 1 + . There are altogether sixteen independent axial-vector currents as listed in the following: Table 2 . Flavor octet tetraquark currents of
Tetraquark Currents of (8F , J contain diquarks having the symmetric flavor structure and antidiquarks the antisymmetric flavor structure 6 ⊗ 3. From the following combinations we can clearly see their chiral structure:
We list their chirality and chiral representations in Table 3 . Table 3 . Flavor octet tetraquark currents of J P = 1 + classified in subsection A.3.
Tetraquark Currents of (8F , J P = 1 + ) Chiral Representations Chirality 
All these four currents contain diquarks and antidiquarks having the symmetric flavor structure 6 ⊗6. From the following combinations we can clearly see their chiral structure:
Among these currents, η In this subsection we study flavor 27 F tetraquark currents of J P = 1 + . There are altogether four independent axialvector currents as listed in the following:
Among these currents, η to denote them. In this subsection we study flavor 10 F tetraquark currents of J P = 1 − . There are altogether four independent vector currents as listed in the following:
. All these four currents contain diquarks having the antisymmetric flavor structure and antidiquarks the symmetric flavor structure3 ⊗6. From the following combinations we can clearly see their chiral structure:
The currents η In this subsection we study flavor 10 F tetraquark currents of J P = 1 + . There are altogether four independent axialvector currents as listed in the following:
All these four currents contain diquarks having the antisymmetric flavor structure and antidiquarks the symmetric flavor structure3 ⊗6. From the following combinations we can clearly see their chiral structure:
The currents η to denote them, and their chiral transformation properties are 
B Chiral Transformations
δ 5 η V,O (3,6),N = 2ibη AV,O (3,6),N , δ a η V,O (3,6),N = 2a N f N MO η V,O (3,6),O , δ b 5 η V,O (3,6),N = ib N − 2d N MO − 4i 3 f N MO η AV,O (3,6),O − 8ib N T * 8×10 N MP η AV,D (3,6),P , δ 5 η AV,O (3,6),N = 2ibη V,O (3,6),N , δ a η AV,O (3,6),N = 2a N f N MO η AV,O (3,6),O , δ b 5 η AV,O (3,6),N = ib N − 2d N MO − 4i 3 f N MO η V,O (3,6),O − 8ib N T * 8×10 N MP η V,D (3,6),P , δ 5 η V,D (3,6),P = 2ibη AV,D (3,6),P , δ a η V,D (3,6),P = −3ia N T * 10×10 N P Q η V,D (3,6),Q , δ b 5 η V,D (3,6),P = − 2i 3 b N T † * 8×10 N P O η AV,O (3,6),O − ib N T * 10×10 N P Q η AV,D (3,6),Q , δ 5 η AV,D (3,6),P = 2ibη V,D (3,6),P , δ a η AV,D (3,6),P = −3ia N T * 10×10 N P Q η AV,D (3,6),Q , δ b 5 η AV,D (3,6),P = − 2i 3 b N T † * 8×10 N P O η V,O (3,6),O − ib N T * 10×10 N P Q η V,D (3,6),Q , There are two [(6, 3) ⊕ (3, 6)] chiral multiplets, 3η V,O 2,N − η V,O 14,N , 3η AV,O 2,N − η AV,O 14,N , η V,D 2,P , η AV,D 2,P , 3η V,O 3,N − η V,O 15,N , 3ηδ 5 η V,O (6,3),N = 2ibη AV,O (6,3),N , δ a η V,O (6,3),N = 2a N f N MO η V,O (6,3),O , δ b 5 η V,O (6,3),N = ib N − 2d N MO + 4i 3 f N MO η AV,O (6,3),O − 8ib N T 8×10 N MP η AV,D (6,3),P , δ 5 η AV,O (6,3),N = 2ibη V,O (6,3),N , δ a η AV,O (6,3),N = 2a N f N MO η AV,O (6,3),O , δ b 5 η AV,O (6,3),N = ib N − 2d N MO + 4i 3 f N MO η V,O (6,3),O − 8ib N T 8×10 N MP η V,D (6,3),P , δ 5 η V,D (6,3),P = 2ibη AV,D (6,3),P , δ a η V,D (6,3),P = 3ia N T 10×10 N P Q η V,D (6,3),Q , δ b 5 η V,D (6,3),P = − 2i 3 b N T † 8×10 N P O η AV,O (6,3),O − ib N T 10×10 N P Q η AV,D (6,3),Q , δ 5 η AV,D (6,3),P = 2ibη V,D (6,3),P , δ a η AV,D (6,3),P = 3ia N T 10×10 N P Q η AV,D (6,3),Q , δ b 5 η AV,D (6,3),P = − 2i 3 b N T † 8×10 N P O η V,O (6,3),O − ib N T 10×10 N P Q η V,D(δ 5 η V,O (15,3),N = 2ibη AV,O (15,3),N , δ a η V,O (15,3),N = 2a N f N MO η V,O (15,3),O , δ b 5 η V,O (15,3),N = ib N 2 5 d N MO − 8i 3 f N MO η AV,O (15,3),O − 16ib N T 8×10 N MP η AV,D (15,3),P + 16ib N T 8×27 N MU η AV,TS (15,3),U , δ 5 η AV,O (15,3),N = 2ibη V,O (15,3),N , δ a η AV,O (15,3),N = 2a N f N MO η AV,O (15,3),O , δ b 5 η AV,O (15,3),N = ib N 2 5 d N MO − 8i 3 f N MO η V,O (15,3),O − 16ib N T 8×10 N MP η V,D (15,3),P + 16ib N T 8×27 N MU η V,TS (15,3),U , δ 5 η V,D (15,3),P = 2ibη AV,D (15,3),P , δ a η V,D (15,3),P = 3ia N T 10×10 N P Q η V,D (15,3),Q , δ b 5 η V,D (15,3),P = − 2i 15 b N T † 8×10 N P O η AV,O (15,3),O + 2ib N T 10×10 N P Q η AV,D (15,3),Q + 2ib N T A 10×27 N P U η AV,TS (15,3),U , δ 5 η AV,D (15,3),P = 2ibη V,D (15,3),P , δ a η AV,D (15,3),P = 3ia N T 10×10 N P Q η AV,D (15,3),Q , δ b 5 η AV,D (15,3),P = − 2i 15 b N T † 8×10 N P O η V,O (15,3),O + 2ib N T 10×10 N P Q η V,D (15,3),Q + 2ib N T A 10×27 N P U η V,TS (15,3),U , δ 5 η V,TS (15,3),U = 2ibη AV,TS (15,3),U , δ a η V,TS (15,3),U = 2ia N T A 27×27 − T B 27×27 N UV η V,TS (15,3),V , δ b 5 η V,TS (15,3),U = i 5 b N T † 8×27 N UO η AV,O (15,3),O + 3ib N T A † 10×27 N UP η AV,D (15,3),P + 2ib N T A 27×27 N UV η AV,TS (15,3),V , δ 5 η AV,TS (15,3),U = 2ibη V,TS (15,3),U , δ a η AV,TS (15,3),U = 2ia N T A 27×27 − T B 27×27 N UV η AV,TS (15,3),V , δ b 5 η AV,TS (15,3),U = i 5 b N T † 8×27 N UO η V,O (15,3),O + 3ib N T A † 10×27 N UP η V,D (15,3),P + 2ib N T A 27×27 N UV
